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ABSTRACT

Traits characterizing those proteas adapted for pollination by nonflying mammals include: bowl-
shaped heads bearing fleshy bracts, these borne on short, flexible peduncles, often at or near ground
level (geoflorous) and hidden beneath dense overlying foliage (cryptic), and producing copious nectar
(ca. 1.8 ml/head, standing crop); individual florets with wiry, yet flexible styles and a nectar-stigma
distance of 10 mm: a distinctive yeastlike odor; nocturnal anthesis; sucrose-rich nectar with a high
total carbohydrate content (ca. 36%) and a relatively low proportion of amino acids. Evidence of
small-mammal visitation to protea flowering heads includes: the presence of pollen on the rostra
(carried in a position to effect pollination when foraging for nectar); the transport of fluorescing powders
to flowering heads both within and between plants; the accumulation of small-mammal feces in
flowering heads. and the destruction of exclosure bags containing nectar-rich heads. The period of
greatest small-mammal activity (1800 hr.) coincides with maximum flower opening. T maze experi-
ments showed that small mammals, when given a choice between typically bird-pollinated proteas
and those having characteristics of flowers pollinated by nonflying mammals, always foraged on the
latter. That small mammals can effect pollination is indicated by their foraging behavior on flowering
heads while in captivity, the morphological “fit” between individual florets and the rostra of small
mammals, and by selective exclosure experiments that reduced seed set (30% and 95%) when small
mammals were excluded and visitation was limited to insects (mostly honey bees). The nectar produced
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by these proteas meets the energy requirements of the small-mammal community for only several
days annually, thus coevolution is impossible. Proteas adapted for pollination by nonflying mammals
have evolved unilaterally, probably from bird-pollinated prototypes, possibly in response to progressive
decrease in population size. Recent discoveries in the Neotropics of flowers with some similar char-
acteristics and also pollinated by nonflying mammals support the existence of a worldwide class of

flowers adapted for such pollinators.

The pollination of flowers by nonflying mam-
mals was first mentioned by Kerner (1895, v. 2,
p. 230) and was discussed nearly 50 years ago by
Porsch (1934, 1935, 1936a, 1936b). The subject
was not given further attention, however, until
Morcombe (1968) suggested pollinatory rela-
tionships between various proteaceous flowers
and nonflying mammals in the southwestern
Australian flora. Rourke and Wiens (1977) re-
viewed the problem and noted that various floral
features convergent in Australian and South Af-
rican Proteaceae suggested adaptations for pol-
lination by nonflying mammals. The following
year Wiens and Rourke (1978) offered substan-
tive evidence for pollination by nonflying mam-
mals (mostly rodents) in two species of South
African proteas. Two previous studies of pre-
sumably bat-pollinated African plants, viz., the
baobab (Bombacaceae) (Coe & Isaac, 1965) and
Maranthes (Chrysobalanaceae) (Lack, 1977)
demonstrated visitation and nectar feeding by
bush babies (Galago crassicaudatus Geoffroy) and
genets (Genetta tigrina Schreber), respectively.
Recent interest in the subject has resulted in a
number of publications: Sussman and Raven
(1978) reviewed the problem and reported pol-
lination by arboreal Madagascan mouselike le-
murs; Sleumer (1955) and Carpenter (1978a) re-
ported evidence for the pollination of eastern
Australian banksias by sugar gliders (Petaurus
breviceps Waterhouse) and the indigenous pla-
cental bushrat (Rattus fuscipes Waterhouse), re-
spectively. Holm (1978) and Ford, Paton, and
Forde (1979) commented on the problem and
Armstrong (1979) reviewed the subject for Aus-
tralia generally. Wiens, Renfree, and Wooller
(1979) and Hopper (1980) studied the pollina-
tion of Banksia and other flowers by the south-
western Australian marsupial honey possum
(7 arsipes rostratus = T. spenserae Gray). In the
New World, Prance (1980) observed probable
pollination by cebus monkeys; and Janson, Ter-
borgh, and Emmons (1981) reported extensive
visitation and apparent pollination in Bomba-
caceae and Combretaceae in the Amazon by
monkeys [including the small (100 g) pigmy mar-
moset)], opossums, and procyonids. Lumer (1980)

observed pollination of Blakea (Melastomata-
ceae) by rodents in Costa Rica, and Steiner (1981)
discovered probable pollination by opossums in
Mabea (Euphorbiaceae) in Panama. The sugges-
tion of rodent pollination in Hawauian Freyci-
netia (Degener, 1945) is apparently in error (Cox,
1981).

We report the results of three seasons of field
studies on several species of southern African
species of Protea (Proteaceae) with characteris-
tics indicating adaptations for nonflying mam-
mal pollination (hereafter referred to as NMP
proteas), as contrasted to proteas with features
showing adaptations for bird pollination (BP
proteas) (Wiens & Rourke, 1978). Whenever
possible the two systems are compared. These
observations cover the winter—early spring (Au-
gust-September) field seasons of 1978-79 and
the summer (February) field season of 1980 in
the Cape region of South Africa. Wiens and
Rourke (1978) established that several murid ro-
dents and a few additional small mammals vis-
ited the flowering heads of Protea amplexicaulis
(Salisb.) R. Br. and P. humiflora Andr., as evi-
denced by the presence of protea pollen loads on
the rostra of captured animals. They further
demonstrated that the flowers and small mam-
mals possessed the respective structural and be-
havioral features to effect pollen transfer, and
that several rodents foraged readily and non-de-
structively on the nectar from flowering heads of
several proteas while 1n captivity.

This study has two broad objectives: first, 10
test further the proposition that these flowers are
pollinated by nonflying mammals and to gain a
general understanding of how the pollination sys-
tem functions as an integrated whole; and sec-
ondly, to consider why this unusual animal-flow-
er relationship may have evolved. Specific areas
of study included: (1) the general nature of the
plant association in which NMP proteas occur,
(2) the composition and activity patterns of the
associated small-mammal community, (3) the
temporal patterns of anthesis, nectar secretion,
and odor production, (4) nectar volume, total
sugar content, carbohydrate and amino acid
composition, (35) stylar and general floral struc-
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TABLE |. The number of small mammals examined for pollen loads and the proteas with which they were
associated.
Small Mammal
Acomys Aethomys Elephan- Praomys Rhab-
sub- nama- tulus ver- domys
Protea spinosus quensis edwardii reauxi pumilio Study Site
P. amplexicaulis< 15 3]ab 2 3 162 Jonasplaats, see text
P. cryophilac |2 2 5 Sneeubergnek, Cedarberg Mts., E
of Citrusdale
P. effusac 1 3 2 4 East bench, Murray Farm, above
Gydo Pass N. of Ceres
P. humifloras9 ] 3b 1620 2a.b 3a ] 42.b Jonasnek
P. reconditac 3 - 2 4v Same as P. effusa
P. restionifolia 3a Pocskraal, N. shore Stormsvlei res-
ervoir, S. of Worcester
P. scabra a W. of Villiersdorp
P. sulphurea Ja.b |® W. of Ouberg Pass, NE of Mon-

tague

* Captive animals of this species foraged on flowering heads of the respective protea in a manner to assure

effective pollination.

* Animals with numerous protea pollen grains (>100 and often >1,000) in fecal samples taken directly

from the colon.

“ Some heads of these protea species contained fecal pellets.
4 In addition to the animals listed, single specimens of Crocidura sp. and Graphiuris ocularis were trapped
around P. amplexicaulis and one Dendromus melanotis and a Mus minutoides were captured in P. humiflora

stands.

ture, (6) genetic compatibility and pollen viabil-
lt}', (7) the energy resources protea nectar pro-
vides to the small-mammal community, and (8)

the relative importance of insects as pollinators
of NMP proteas.

RESEARCH AREAS AND SPECIES STUDIED

The NMP proteas utilized in this research are
éndemic to the southwestern Cape flora (fynbos)
of South Africa. This vegetation is unique, with
(1) exceptionally rich species diversity (ca. 8,850
chies) and high endemism (73.1%), (2) adap-
tatl.ons for periodic burning, (3) a virtual absence
of indigenous trees. (4) a low percentage of an-
nuals, and (5) restriction to the Table Mountain
Sandstone, which is highly depauperate nutri-
Honally especially for P and N. Uplift and ero-
3100 of this formation have produced a highly
dissected landscape comprised of many small
f“O}lntain ranges with diverse elevations, precip-
'ation, and soils. Predictably, numerous species
“X1St only as small populations and in isolated
':g*;lgt;us (Goldblatt, 1978; Taylor, 1978; Kruger,

Although the vegetation is unique, the animal

community 1S not. The small-mammal com-
munity, for example, 1s composed largely of
species with ranges extending far beyond the dis-
tribution of the Cape flora. Likewise, the bee
fauna is not especially noteworthy (Michener,
1979), although bee-pollinated plants such as le-
gumes constitute an important element of the
flora (Goldblatt, 1978).

The NMP protea study sites are indicated in
Table 1. BP proteas used for comparative pur-
poses included P. arborea Houtt., P. laurifolia
Thunb. (both from Jonasnek), and P. repens (L.)
L. (from Jonasplaats, see section on P. amplex-
icaulis). These proteas are illustrated in Rourke

(1980).

PROTEA HUMIFLORA AND P. AMPLEXICAULIS

Protea humiflora was studied during late win-
ter—early spring (mid-August to mid-September)
1978=79 on Jonaskop, a prominent mountain in
the Riviersonderendberge, approximately 50 km
south of Worcester and 100 km east of Cape
Town. On Jonaskop. P. humiflora forms dense
stands along a restricted access road to the sum-

mit. Two adjacent study sites (A and B), each
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TaBLE 2. Density, species composition, and composite home range data from live trapping grids in stands
of Protea humiflora at Jonasnek.

approximately 2,100 m?, were selected along this
road at approximately 700 m (hereafter referred
to as Jonasnek). During the 1978 field season the
species composition, frequency, and cover were
determined for the perennial plants on sites A
and B. Both sites were divided into 10 m? quad-
rats, each plant was identified and its position

and cover plotted on graph paper and the loca-
tion of each Sherman trap noted.

Various observations were also made on P.
amplexicaulis at somewhat higher elevations on
Jonaskop (ca. 1,000 m) in an area known locally
as Jonasplaats. This locality is relatively flat with
many scattered individuals of P. amplexicaulis

occurring along the east side of the access road
(the west side of the road was burned in 1976).

SMALL-MAMMAL TRAPPING SYSTEM

METHODS

At the P. humiflora study sites at Jonasnek a
square grid of 100 Sherman live traps [45 X 45
m (2,025 m?), approximately 5 m trap distances]
was used to establish the species composition,
activity, and movement patterns of the small-
mammal community. Each trap was fitted with
a switch mechanism and wired to a portable Es-
terline-Angus 20 Channel event recorder that in-
dicated exact capture times and trap positions
within the grid. This system facilitated rapid trap

1978 1979
Site A * Site B Site B
Num- Num- Num- Adjusted Home
ber Num- ber Num- ber Num- Range Length (m)
of ber/ % of ber/ % of ber/ % —
Species Ind. Hec. Comp. Ind. Hec. Comp. Ind. Hec. Comp. N X Range
Acomys
subspinosus 1 5 2.6 20 9y 35,1 7 . . DA L | S5 39.3 (35.0-47.5)
Aethomys
namaaquensis 1 5 2.6 13 62 22.8 e 72 6 46.2 (27.5-58.0)
Praomys
verreauxi I 1 S22 428 4 20 L e —— 4 354 (27.5-45.)5)
Rhabdomys
pumilio ¢ LT (T A 5, 17 81 29.8 1 5 5.0 17 37.8 (25.0-58.0)
Elephantulus
edwardii e 3 14 315, = 3 346 (27.544.2)
Totals 38 181 3P - ZI2 20 95

checking while minimizing human disturbances
to the grid area. Traps were baited with rolled
oats and peanut butter and checked at sunrise,
sunset, and at variable intervals of 2 to 8 hours
over a 24-hour period. Upon initial capture, an-
imals were identified, weighed, sexed, checked
for pollen load, marked with numbered ear tags
(or toe-clipped), and released at the point of cap-
ture. The times and positions of recaptures were
merely recorded, but animals were occasionally
rechecked for pollen load. Rickart (1981) pro-
vides further details. Small mammals associated
with the other proteas listed in Table 1 were
captured in Sherman live traps (occasionally snap
traps) set in irregular transects around, under, or
on the branches of flowering proteas.

During the 1978 season, the grid system was
operated successively at two sites. The first (Jo-
nasnek A) consisted of a relatively level area and
the second (Jonasnek B) was on an adjacent,
rocky, north-facing, 25°-30° slope (the warm, dry
slope 1n the southern hemisphere) approximately
100 m from site A. Vegetation was qualitatively
similar on both sites, each having the same 34
species dominated by dense stands of P. humi-

flora and scattered individuals of Leucodendron

salignum R. Br., with generally similar densities
of herbaceous ground cover. Soil development
was more extensive, however, on site A. The grid
was run continuously in 1978 for 121 hours at
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FIGURE 1. Cumulative activity patterns of all five small mammals occurring on the Jonasnek study sites

(histograms) and the opening patterns of P. humiflora flowers (line).

site A and 193 hours at site B. In 1979 the grid
Was operated only at site B for a total of 355
hours. By the end of each trapping period, fewer
than 5% of the animals captured during a 24-
hour period were unmarked.

RESULTS

The gr id-trapping data are summarized in Ta-
ble 2. The 1978 data show considerable differ-
ences In species composition between the two
8rid sites, suggesting that microgeographic vari-
alion affects the species composition of the small-
Mammal community within individual stands of
P. humiflora. The data from 1979 also show a
Profound reduction in overall densities on site
B. Only densities of the Namaqua rock mouse
(‘49"’0'".1’5) appeared unchanged, while Ver-
"CAUX’s mouse (Praomys) and the elephant shrews
(Elephantul us) were absent. Praomys was not re-
cOrded anywhere in the study region the second
year,
estMean home ranges for the various speci?s were
-~timated from recapture data by calculating ad-
Jt ‘;S;cd range length (distance between the farthest

POInts of capture plus the average inter-trap

distance of 5 m) for individuals with five or more
captures (Table 2). These values are probably
underestimated because they approach the di-
mensions of the grid, which were relatively small
for this purpose, particularly with respect to the
Cape striped field mouse (Rhabdomys) and Ae-
thomys. Figure 1 shows the cumulative activity
pattern determined from capture times of indi-
viduals of all five species. Because some of the
captures were probably artifacts due to the quick
retrapping of previously released animals, recap-
tures that occurred less than one hour after the
release were eliminated from the histogram. The
diurnal activity shown 1s almost exclusively due
to Rhabdomys. The remaining species are pre-
dominantly nocturnal. Of the 376 total captures,
232 (61.7%) occurred during the nocturnal-cre-
puscular period from 1800 to 0700 with highest
activity levels occurring just after dusk.

FLORAL MORPHOLOGY OF NMP PrOTEAS
PROTEA AMPLEXICAULIS—A TYPICAL NMP PROTEA

The inflorescence 1s a many-flowered, bowl-
shaped head surrounded by dark, fleshy invo-




ANNALS OF THE MISSOURI BOTANICAL GARDEN

FIGURES 2-=5.

Floral and fruiting features of P. amplexicaulis and P. humiflora.—2. Flowering head (P.
a.)— 3. Individual floret, arrows indicate pollen presenter and nectar reservoir (P. a.)—4. SEM photo of style
tip showing stigmatic slit and grooves of the pollen presenter region (P. a.) (X ca. 200).—5. Fruiting head with
pistils cut transversely to expose sterile ovaries and those containing endosperm (arrow) (P. A.).

lucral bracts (Fig. 2). The peduncle is stout and
short (3—4 mm), yet flexible, the heads appearing
sessile along the branches. The heads are often
borne near ground level (geoflorous) and are typ-

ically deeply hidden beneath dense, overlying fo-
lnage (cryptic). The heads are similar to P. humi-

flora in appearance and habit, but are generally
more cryptic.
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The individual flowers (florets) comprising
protea heads are unusual (Fig. 3). The uniovulate
pistil 1s surrounded by four dull-white, non-
showy perianth segments, each bearing a single,
sessile anther. The unique feature of the floret,
however, 1s the extremely wiry, vet flexible style,
which readily withstands rough treatment. It has
the dual function of pollen dispersal and recep-
tion. Pollen is deposited prior to anthesis onto a
specialized, longitudinally grooved, apical region
of the style known as the pollen presenter (Fig.
4). Although pollen covers most of the distal
portion of the style, it does not initially reach the
stigma itself, this being a highly reduced micro-
scopic groove at the apex of the style (Fig. 4).
Physical transfer of pollen is thus necessary even
for self-pollination (see section on Genetic Com-
patibility). Stylar presentation of pollen also oc-
curs in Asteraceae and the Campanulales, but
the details differ.

In proteas the base of the style ruptures the
lower perianth segments as it grows laterally from
the perianth envelope during late bud develop-
ment. Eventually only the base of the style and
the pollen presenter remain enclosed by the peri-
anth segments and the surrounding anthers. The
rest of the style forms a bowlike structure outside
the perianth just prior to anthesis (Rourke, 1980).
Nectar secretion occurs at this time (see section
on Nectar Production). Although anthesis, i.e.,
the emergence of the pollen presenter from the
enfolding anthers and perianth segments, 1s mildly
e’}Dlosive, the pollen, because it is sticky, is not
dislodged from the pollen presenter. In P. am-
Plexicaulis and other NMP proteas examined,
the three united perianth segments form a nectar
reservoir about 10 mm below the stigma (Fig.
3). Because the flowers are in close proximity,

hOWCVCr, the nectar often pools, particularly
around the bracts.

ADAPTATIONS OF PROTEA FLOWERS FOR
POLLINATION BY NONFLYING MAMMALS

The basic floral structures of proteas inferring
pollmation by nonflying mammals were summa-
fzed by Wiens and Rourke (1978) and discussed
and compared to Australian Proteaceae by
Bourke and Wiens (1977). These structures as
Hlustrated for P. amplexicaulis include: (1) bowl-
Shaped heads borne on short (3—4 mm), stout
Peduncles, often with the outside of the bracts
dark-co!ored, (2) copious, sucrose-rich nectar
E;Oductfo.n with a high (36%) total carbohydrate

Mposition, (3) often inflexed, wiry styles ca.
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30-40 mm long, (4) cryptic, geoflorous, axillary
positioning of the heads, and (5) a distinctive
“yeasty’” odor. In contrast, BP proteas produce
(1) cylindrical heads with brightly colored bracts,
(2) copious, hexose-rich nectar with a low (20-
25%) total carbohydrate composition, (3) straight
styles ca. 60-90 mm long, (4) conspicuous,
brightly colored, terminally borne heads, and (5)
no obvious odor.

The following proteas should be added to those
previously suggested by Rourke and Wiens (1977)
as exhibiting morphologies consistent with non-
flying mammal pollination: P. caespitosa Andr.,
P. convexa Phill., P. cryophila Bolus, P. denticu-
lata Rourke, P. effusa E. Mey. ex Meisn., P. pen-
dula R. Br., P. piscina Rourke, P. pruinosa
Rourke, P. recondita Buek ex Meisn., P. roupel-
liae Meisn., P. tenax (Salisb.) R. Br. The follow-
ing species should be deleted: P. lorea R. Br., P.
scorzonerifolia (Salisb. ex Knight) Rourke.

Many NMP proteas do not have cryptic heads
although they are geoflorous, (e.g., P. cryvophila),
while one 1s cryptic but not geoflorous (P. re-
condita). Some proteas that are neither cryptic
nor geoflorous [e.g., P. nana (Berg.) Thunb., P.
pityphylla Phill., P. pudens Rourke, P. witzen-
bergiana Phill.] may also be pollinated by nonfly-
ing mammals, but verification 1s needed. Straight,
as well as inflexed, styles probably also occur in
many presumably NMP proteas; but the rela-
tively short styles (ca. 30-50 mm) that maintain
an effective stigma-nectar distance of about 10
mm are probably most important for a func-
tional rostrum-stigma “fit”” (Wiens & Rourke,
1978).

Protea cryophila 1s an impressive exception to
the short-style character, yet 1t appears to prove
the rule. Although the styles are ca. 80-90 mm
long, the nectar secreted in mature buds 1s not
retained at the point where the style arches out
of the perianth tube, as occurs in P. amplexi-
caulis or P. humiflora. Instead, the tube 1s filled
with nectar for about 70-80 mm up the tightly
stretched perianth tube and approximately 10
mm below the stigma. At this point the tube ends
and the perianth flattens out into a strap-shaped
structure across which the nectar does not mi-
grate, and where it subsequently forms a nectar
droplet. A captive spiny mouse (Acomys), when
presented with a head of P. cryophila, foraged
for nectar among mature buds at this level and
contacted previously opened stigmas. Thus the
critical stigma-nectar distance of ca. 10 mm is

maintained.
The structure of the nectar reservoir in P. am-
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plexicaulis and P. humiflora may also be 1m-
portant in pollination. In these species it forms
a shallow, ‘‘troughlike” structure (Fig. 3), which
could facilitate nectar lapping by small mam-
mals. In a BP protea (e.g., P. repens) the nectar
reservoir, by contrast, resembles a well at the
base of the style into which a bird’s beak or tongue
could be readily inserted and the stigma-nectar
distance ratio approximates the length of the en-
tire style (and also the length of the pollinating
bird’s beak and extensible tongue).

The cryptic positioning of the heads in a num-
ber of NMP proteas needs further description.
Different strategies are involved: (1) interior cau-
l[iflory—heads generally borne along older stems
densely covered with overlying shoots (P. am-
plexicaulis, P. humiflora), (2) interior geoflory—
heads borne at or very near ground level and
generally covered with overlying shoots, espe-
cially in older plants [P. cordata Thunb., P. sub-
ulifolia (Salisb. ex Knight) Rourkel: (3) interior
penduly—heads borne on pendulous branches
generally hidden by overlying shoots, with heads
often drooping to near ground level (P. sulphurea
Phill., P. witzenbergiana Phill.); (4) exterior ter-
minal—heads enclosed by large surrounding
bracts (P. recondita, P. foliosa Rourke).

Why crypsis evolved 1s unclear; but a possible
explanation is the reduction of occasional nectar
robbing by flower birds that presumably cue vi-
sually. Dr. E. Granger (pers. comm.), however,

suggests that crypsis might reduce predation on
small-mammal pollinators by nocturnal raptors

(owls), of which there are a dozen species in
southern Africa (Oatley, 1971). Small mammals
foraging on exposed flower heads should be more
vulnerable to aerial predation than animals for-
aging 1nside a foliage cover. These four forms of
crypsis also occur in the proteaceous genera
Banksia and Dryandra of Australia (George,

1981), which also has a large owl fauna (Mor-
combe, 1974).

STIGMA MORPHOLOGY
METHODS

Because of 1ts reduced nature, the stigma mor-
phology of the NMP proteas P. humiflora and
P. amplexicaulis and the BP proteas P. cyna-
roides (L.) L. and P. repens was studied with a
Hitachi 450 scanning electron microscope to de-
termine whether its structure might provide evi-
dence relating to more efficient pollination by
particular animals. Proteaceae are generally prot-
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androus and we suspected there might be differ-
ing periods of slit opening or receptivity. Seven
specimens were collected every 3 hours for a pe-
riod of 24 hours. Both individual flowers and
entire flowering heads were collected at each
sampling, and special care was taken not to dis-
turb the flowers prior to fixation.

Styles were fixed for 24 hours in one of the
following: (1) liquid nigrogen (N,), (2) super-
cooled 95% ETOH, (3) a mixture of 50% for-
malin and 95% ETOH, or (4) a solution of mag-
nesium phosphate (MgPO,). Styles of individual
flowers were prepared by one of the following
methods: air dried directly after removal from
the fixative, washed in 95% ETOH prior to drying,
or processed with a critical point drier. These
different methods of fixation and drying pro-
duced no detectable changes 1n stylar structure.
Stigmatic morphology was compared among
flowers (1) fixed at different times of the day, (2)
occurring at varying positions on the flowering
head, and (3) representing different age classes.

RESULTS

Observation of approximately 300 stigmas of
P. humiflora and 200 stigmas from the other
species (see above), plus P. minor (Phill.) Comp-
ton, produced little or no evidence that the stig-
matic slit ever opened to any appreciable degree
(Fig. 4). Neither did we observe structural changes
suggesting differing cycles of receptivity, nor evi-
dence indicating differential pollination success

by a certain group of pollinators. Nonetheless.

further studies of this subject might prove inter-
esting.

TEMPORAL PATTERNS OF ANTHESIS AND
NECTAR PRODUCTION

METHODS

To learn whether anthesis and nectar produc-
tion are correlated with the activity patterns of
small mammals, we determined the time of flow-
er opening for P. humiflora under field condi-
tions by counting and marking the number of
newly opened flowers at the Jonasnek site A.
Flowers on six heads were counted at three-hour
intervals over a period of nine days. The erect
styles that identify open flowers were marked
with red fingernail polish at each time check.
Field observations to determine time of flower
opening were also made for P. amplexicaulis at

J onasplaats and for P. cryophila at the Sneeuberg
site, but at different time intervals.
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TaBLe 3. X No. flowers opening/head between prescribed time intervals for nonflying mammal and bird

pollinated proteas.
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Pollination

Species System 0800-0900 1 700-1800 2100-2200
P. amplexicaulis NMP 5.4 (N = 24) 2.6 (N = 24) 9.5 (N = 24)
P. cryophila NMP 47.4 (N = 50) 4.9 (N = 40) —
P. effusa NMP 9.5 (N = 31) 4.0 (N = 34) —
P. recondita NMP 8.0 (N =4) 3.5(N =4) —
P. sulphurea NMP 22.6 (N = 46) 6.2 (N = 48) -
P. arborea BP 19.3 (N = 26) 5.2 (N = 48) 15.7 (N = 26)
P. laurifolia BP 9.7 (N = 28) 8.0 (N = 33) 3.7(N = 27)
P. repens BP 0.36 (N = 22) 12.8 (N = 23) 1.1 (N = 22)

Additional observations on P. effusa, P. re-
condita, and P. sulphurea, were made under lab-
oratory conditions, at room temperature, and
without special lighting regimes. Flowering heads.
which recover easily from wilting and maintain
flowering function for a number of days following
removal from the plant, were stored in closed
plastic bags for 2448 hours, after which we placed
the peduncles in water and cut away the erect
styles of open flowers with scissors. Observations

were made at 12-hour intervals and the styles of

newly opened flowers cut away after each obser-
vation. In addition to NMP proteas, three BP
proteas (P. arborea, P. laurifolia, P. repens) at
the Jonasnek and J onasplaats sites were studied
for comparative purposes.

We measured nectar under a dissecting micro-
scope from freshly picked flowering heads using
a 15 ul capillary tube. Magnification was nec-
“Ssary to ensure that the nectar droplets from the
tightly grouped florets had not pooled.

RESULTS
Time of Anthesis

Protea humiflora clearly shows a maximum
rate of flower opening between 1800 and 2100,
Which is also the period of maximum small-
mammal activity (Fig. 1). Other species of NMP
DTOt?as also exhibit a primarily nocturnal an-
theSl.S, but the periods cannot be bracketed as
precisely because the observations were not reg-
ularly made at short intervals as in P. humiflora
(Table 3). Proteq amplexicaulis, however, would
dppear to have a pattern of anthesis similar to
P. humiflora, and judging by casual observations
f’f NMP proteas made during the evening hours,
Il seems likely this is a general pattern.

Am(’ﬂg BP proteas (Table 3), P. repens has a

—

midday flower-opening pattern, whereas in P.
laurifolia Thunb. more florets open in the early
morning (0930) and also between 1800 and 2100.
The actual time at which anthesis occurred in
the newly opened flowers observed at 0930 1s
unknown because data are lacking for the critical
periods (Table 3).

Protea arborea appears to have a largely noc-
tural anthesis, for which we have no apparent
explanation. Presumably the species 1s pollinated
by the Cape sugar bird, as are the other two BP
species. No sugar birds were ever observed on
P. arborea 1n the study areas, however, they were
common in nearby (ca. 1 km) stands of P. lauri-

folia.

Nectar Production

No nectar production could be detected 1n the
heads of P. humiflora utilized for determining
periods of anthesis. Nor were there consistent
patterns of nectar production noted in any of the
heads on the study areas. A few scattered obser-
vations, however, provide some information.
Freshly secreted nectar was observed in P. humi-
flora flowers on three separate days (Aug. 16, 26,
30) between 1630 and 1800 hours. These days
were relatively cold, windy, and generally stormy,
but were without rain during the previous 12
hours. These preliminary observations suggest
that nectar secretion is initiated in P. humiflora
in late afternoon or early evening during periods
of relatively low daily temperature and just prior
to the period of greatest small-mammal activity.

What appeared to be freshly secreted nectar
was also observed in P. crvophila at 2030 hours
on Feb. 13. but secretion was confined to rela-
tively few flowers on a single head among the 10
under observation. In this instance, however, the
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TaBLe4. Total sugar content of nectar (g solute/ 100 g solution) from nonflying mammal and bird pollinated
proteas.

X Total
Pollination Sugar
Species System Content N S.D. Range
P. amplexicaulis NMP 302 42 6.3 27.9-47.9
P. cryophila NMP 33.3 13 7.2 25.2-49.4
P. humiflora NMP 37.8 59 6.9 28.2-65.4
P. arborea BP 18.8 5 — 16.8-20.4
P. laurifolia BP 24 .4 20 1.0 20.3-26.6
P. magnifica BP 20.6 16 2.9 16.2-24.8
P. repens BP 18.8 45 1.8 14.6-23.6

day was sunny and warm as is common during
midsummer.

In P. angustata R. Br., P. cryophila, and P.
humiflora nectar was first secreted from mature
buds, 1.e., while the pollen presenter was still
enclosed by the perianth segments, although the
style had generally already arched laterally away
from the perianth o<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>